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Abstract 
Current decision making tools for the energy efficient refurbishment of residential buildings are well-developed research tools, 
though generally considered as being too complex for the application in building practice, especially for smaller projects. In this 
paper, a tool developed for architects and building professionals is presented. The tool assists in designing an energy efficient 
building retrofit solution. The main advantage of the tool is that it incorporates all required knowledge to design an optimal building 
physical and financial retrofit solution, while the architect or building engineer does not (necessarily) need to have all the 
competences for identifying hygrothermal problems or to be a building physics specialist.   
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1. Introduction
The energy retrofit of a building, comprising the thermal insulation of the building envelope, the replacement of
HVAC installations, and the improvement of airtightness, is an efficient way to reduce the building’s primary energy 
consumption. Recent studies showed that energy improvements per se are seldom the main motivation for initiating a 
major renovation but one of several coinciding needs, such as increasing comfort levels, repair and modernisation 
aiming at extending component service life [1]. In addition, deep energy retrofits are scarce, as this is often associated 
with high investment costs and low return of investments due to uncertainties in the estimated market value of the 
property, the increase of energy prices, and hence, the complexity of an efficient building renovation process itself. 
Typically, six stages can be distinguished in the renovation process [2]:
x The analysis of the existing building, its building components, and the environment, including for example the
local governmental and social policy, and the physical conditions of the building components.
x The selection of possible technical measures and actions in order to improve the hygrothermal performance of the
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building components and/or HVAC installations. 
x The decision making stage, consisting of the selection of specific refurbishment alternatives being a combination
of technical measures. In this stage, the applicability of each alternative is analysed and its influence on the energy
performance of the building is evaluated. The financial costs and return of investments of each alternative are
studied. Different alternatives are compared and the most efficient alternative is chosen.
x Prioritisation of the specific technical measures of the selected alternative and determination of a strategy, i.e.
planning of the different measures in time.
x Implementation of the renovation strategy.
x Analysis and evaluation of the achieved results, the reduction in the building’s primary energy consumption and
return on investments.
 To structure the renovation process in order to obtain an optimal retrofit solution, decision-making models are 
helpful tools. Previously, numerous decision-making tools have been developed, combining technical, financial, 
energy and comfort analyses. Recently, currently available energy retrofit tools have been reviewed by Lee et al. 2014 
[3]. Without having the intention of presenting an exhaustive overview, a few decision-making tools are summarized 
here, such as the EPIQR (energy performance, indoor air quality and retrofit) tool [4], the CCEM Retrofit advisor [5],
and TOBUS software [6], for respectively the renovation of apartment and office buildings. With respect to the 
refurbishment of single family houses, software tools like Idi-al (Idi-al Gebäudediagnose) [7], Energilotsen [8], or the 
Energiebesparingsverkenner [9] could be used. 
 Though most decision-making tools are generally well-developed tools, they are often considered as being 
relatively complex and only applicable in relatively large (research) projects, for example for the energy refurbishment 
of commercial buildings or large apartment blocks. Focusing on a relatively small project such as the renovation of a 
single family house, these tools are time-consuming and complex. On the other hand, other (smaller) software 
programs often focus on one or several aspects of the building renovation, for example either on the technical measures 
or financial aspects, while too little taking into account the boundary conditions of the refurbishment, the current 
conditions of the building components, the comparison of technical measures comprising interdisciplinary aspects and 
the requirements and needs of the building owner.  
Previous case studies already showed that especially in smaller projects, architects and building professionals have 
difficulties identifying the current conditions of a building component very accurately. In addition, since the number 
of involved parties in such a project is generally relatively small, and hence, often a smaller retrofit project is carried 
out without an architect involved, the architect or building professional may not have all the competences required for 
managing the entire renovation. For example, while the building professional’s expertise with respect to the 
refurbishment of the roof construction, windows, and technical installations is sufficient, thorough knowledge 
regarding the renovation and insulation of the facade is lacking. Due to this lack of knowledge, potential hygrothermal 
phenomena, which are relatively difficult to observe (such as rising damp or the presence of salts in the facade) may 
not be identified, resulting in moisture problems and possible damage after the renovation, or specific refurbishment 
measures may not be considered and may be neglected. 
 Given these limitations of current refurbishment tools and the specific characteristics of small retrofit projects,
architects and building professionals are nowadays only to some extent capable of designing a more energy efficient 
house, while not being able to develop an optimal building energy retrofit solution. Moreover, the quality and success 
of the refurbishment solution proposed is strongly dependent of the competences of the architect or engineer.  
 In this paper, a decision making tool for the energy efficient refurbishment of residential buildings, focusing on 
single family houses, is presented. The tool is developed for architects and building professionals. It is the objective
to assist the architect and building professional in developing and designing an energy efficient building retrofit 
solution while taking into account the project’s boundary conditions, the current conditions of the building 
components, the impact of specific measures on the energy consumption and costs, and the client’s needs. The main 
advantage of the presented tool is that the tool is applicable in relatively small refurbishment projects, being not too 
time-consuming though considering the different aspects of the renovation in sufficient detail. In addition, another 
advantage of the present tool, is that it incorporates the required knowledge and competences for establishing an 
optimal building physical and financial retrofit solution, while the architect or building professional does not 
necessarily need to be a building energy retrofit specialist. 
The present paper focuses on the refurbishment methodology which serves as a basis for the decision-making 
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model. In the first part of the paper, the general approach is illustrated starting with the general project level, gradually 
focusing on the building component, and proposing specific refurbishment measures. The second part of the paper, 
presents the software implementation in a user-friendly computer program. The evaluation of the financial costs and 
return of investments of the proposed refurbishment measures as well as the methodology to develop the refurbishment 
strategy is treated in another paper. 
Fig. 1. General methodology for building refurbishment 
2. Refurbishment methodology
A systematic method for the retrofit of a house has been developed and implemented in a user-friendly computer
program. Section 2.1 presents the general methodology applied. In Section 2.2, the approach for the evaluation of the 
potential refurbishment measures is illustrated. Section 2.3 presents the software implementation of the decision-
making tool. 
2.1. General methodology 
The retrofit methodology applied consists of the identification of the project’s boundary conditions, the analysis 
and selection of refurbishment measures, and the definition of a renovation strategy. Figure 1 presents the general 
methodology which is applied for the refurbishment project. First of all, the house is analyzed focusing on the project’s 
boundary conditions, such as the heritage value of the building or local governmental policy which could impose 
limitations on the technical measures. Then, the current conditions of each building component are evaluated with 
respect to its specific composition, energy performance, visibility of damage, and building physical conditions. The 
resulting evaluations serve as boundary conditions for the applicable retrofit measures. Second, refurbishment 
measures are proposed taking into account these (technical) boundary conditions, the potential energy savings and the 
building physical limitations. In addition, the energy savings and investment costs of each refurbishment measure are 
calculated. Third, refurbishment strategies comprising an optimal combination of technical measures are selected and 
the most optimal strategy is proposed. Considering this optimal strategy, the technical measures are prioritized and 
planned over time. 
2.2. Evaluation of the potential refurbishment measures 
Based on the project’s boundary conditions and the current conditions of the building component, potential 
refurbishment measures are proposed for each building component or HVAC installation. Figure 2 illustrates the 
selection of a measure for an inclined roof construction. First of all, the presence of visible damage is analyzed using 
a checklist. The condition of the roof covering, construction (e.g. wooden beams), roof underlay, thermal insulation, 
interior finish, drainage, and chimney are evaluated and analyzed focusing on mechanical damage, degradation, 
biological degradation, moisture ingress, etc. Second, a building physical or hygrothermal analysis is carried out, 
while evaluating for example the estimated life time and vapour permeability of the roof underlay and vapour barrier. 
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In practice, architects and/or building engineers are often not able/capable to perform a thorough damage analysis 
and building physical evaluation. Based on the presented flow chart, the architect or building engineers carries out a 
hygrothermal analysis of the roof construction, without having all required competences. The tool assists the architect 
and building engineer in carrying out the analysis, and, hence, prohibits major mistakes or erroneous interpretations 
during the analysis. 
Fig. 2. The selection of a technical measure for refurbishing an inclined roof 
During the project, it has been observed that the presence of damage and especially the phenomena, which could 
potentially cause damage, are relatively difficult to identify, even for competent architects and building professionals. 
Therefore, the methodology presented in Figure 2 is extended with a structured analysis, systematically identifying 
the cause(s) of the damage observed. In comparison to other (previously developed) tools, the flow chart is 
accompanied with detailed photographs of common building performance problems. The combination of the 
structured methodology and photographs enables the building professional to identify potential hygrothermal 
problems and to propose suitable remediation before the renovation measures are applied. And, thus, avoiding 
hygrothermal problems and/or damage after the renovation. As an example, Figure 3 presents the analysis and 
identification of a moisture problem at the interior side of a masonry facade. While analyzing the presence of a
moisture front, stains or spots which are locally present or observed in regular patterns, the cause of the moisture 
problem can be identified. Based on the identified moisture problem, suitable measures can be taken to solve the 
problem in order to prohibit moisture damage after renovation. 
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Fig. 3. Methodology for the identification of a moisture problem in the facade
2.3. Software implementation 
An important advantage of the decision-making tool, compared to previously developed tools, is the 
implementation in a user-friendly software, which can be used at the building site, and, hence, is freely available. The 
combination of the structured methodology, photographs, and its software implementation enables the building 
professional to identify potential hygrothermal problems on site. In addition, suitable remediation techniques are 
proposed, advising the architect or building professional to carry these out before the renovation measures are applied, 
and, hence, avoiding hygrothermal problems and/or damage after the renovation. 
Figure 4 presents the software implementation of the decision-making tool showing the main module (left) and the 
module for the analysis of potential damage in a facade (right). The main module collects all the general information 
and dimensions of the building and the specific information for each building component. The module for analyzing 
the presence of potential damage is presented in Figure 4 (right). Each performance indicator (for example frost 
damage) is illustrated by a short descriptive text on how to identify the type of damage and photos of common 
examples are shown. If the user requires a more in-depth analysis of the phenomenon observed, the module for the 
detailed identification of moisture problems can be applied. 
Currently, the presented decision making tool has been applied in 13 renovation projects. Based on an intensive 
cooperation with professionals, the methodology as well as the user-interface has been iteratively improved and 
optimized in order to suit the user’s needs and requirements. Both, the methodology as well as the software program, 
is freely available at the project’s website (www.renofase.be).  
3. Conclusion
A decision-making tool for the energy efficient refurbishment of single family houses has been presented. The tool
is developed for architects and building professionals and mainly intended for the application in relatively small 
retrofit projects, where the amount of parties involved is relatively small. Based on the tool, an energy efficient 
building retrofit solution taking into account the project’s boundary conditions, the current conditions of the building 
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components, the impact of specific measures on the energy consumption and costs, and the client’s needs, can be 
developed.  
Fig. 4. Software implementation of the decision-making tool: main module (left) and module for the analysis of potential damage (right).
 The main advantages of the tool is that it is applicable in relatively small refurbishment projects, being not too 
time-consuming though considering the different aspects of the renovation in sufficient detail. In addition, the tool 
incorporates all required knowledge for identifying building performance and/or hygrothermal problems before the 
renovation, while not relying on the specific competences of architects and/or building engineers who is responsible 
for (part of) the renovation project. The combination of the structured methodology, photographs, and its software 
implementation enables the building professional to identify potential hygrothermal problems on site, while the 
architect or building engineer does not (necessarily) need to have all the competences for identifying these problems 
or to be a building physics specialist.   
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